We investigated the response of caddisfly species assemblages in the middle reaches of the Shinano River to a flood that occurred in mid July 2006. Prior to the flood (on Day -22) the population density of total benthic caddisflies was 8,266.7 ± 2,392.1 individuals m -2 . After the flood, by Day 11, the population density had decreased to 55.6 ± 55.6 individuals m -2 . By Day 65, the density of caddis species had recovered to nearly the same level as that recorded before the flood, particularly in the case of Hydropsyche orientalis Martynov, the most abundant benthic species. By Day 65 the larvae of this species had reached pre-flood levels. On Day 40 it was noted that the larval population was dominated by final instars, but by Day 65 early instar larvae were dominant and downstream drift consisted mainly of second instars. Moreover, H. orientalis adults were constantly collected during the study period and the abundance of adults increased after Day 50. These results suggested that drift and reproduction were the main recolonization mechanisms that contributed to the rapid recovery of benthic caddisfly after the flood.
Introduction
Succession of benthic macroinvertebrate communities following a physical disturbance has attracted considerable interest (reviewed by Mackay 1992) and is important for understanding the population dynamics of macroinvertebrate communities in lotic ecosystems (e.g., Fisher 1983 , Sheldon 1984 , Resh et al. 1988 . In streams and rivers, floods are an important organizing factor that affects benthic macroinvertebrate communities and can result in the creation of open patches in stream beds (Resh et al. 1988 , Townsend 1989 , Lake 2000 . A number of field experimental studies have been undertaken to describe colonizing patterns of benthic macroinvertebrates after small-scale manipulation of habitats, such as the introduction of new substrates (reviewed by Hayashi 1991 , Mackay 1992 . Because of difficulties associated with organizing large-scale manipulation experiments, details of natural regimes of flooding disturbance in streams and rivers are not well known. Investigating the population dynamics of macroinvertebrate communities during flood events represents a 'natural experiment' that can be undertaken to accomplish such studies.
Because river basins have often suffered from flood disasters, many streams and rivers in Japan have been modified for the purpose of flood control (Tamai et al. 1993 , Tamai et al. 2000 . After the new River Law was established in 1997, conservation and restoration of river environments were added to the objectives of Japanese river management. However, management methods are still being developed. For this reason, the demand for knowledge about the responses of lotic ecosystems to natural and artificial disturbances has become increasingly important.
Trichoptera (caddisflies) represent one of the largest groups of macroinvertebrates found in lotic ecosystems. Caddisfly larvae are usually abundant in lotic ecosystems (Wiggins 1996 , Tanida et al. 2005 , Morse & Holzenthal 2008 , Wiggins & Currie 2008 and are important secondary producers (Mackay & Wiggins 1979 ). An exceptionally strong flood occurred in the Shinano River basin in mid July 2006, following heavy rains. The objective of our study was to examine the response of caddisflies to this flood that had caused widespread disturbance to the environment in the middle reaches of the Shinano River.
Material and methods

Study site
The Shinano River is the longest river in Japan (length 367 km; drainage area 11,900 km 2 ). It runs through Nagano and Niigata Prefectures and flows north to the Japan Sea. The study site (36°23'N, 138°15'E; 450 m above sea level) is in a 5th order section of the Shinano River, located 258 km upstream from the river mouth (Fig. 1) . The riverine environment in this region -which consists of 'unit structures' of a natural river system, i.e., scour pools, riffles and runs -has been generally well preserved. The riverbed substrate of the river is largely composed of loose cobbles and boulders (approximately from 10 to 30 cm), and the channel width is about 25 m. Some artificial structures that protect the riverbank from erosion have been constructed along the river.
Collecting caddisflies
During 2006, benthic and drift samples of caddisfly were collected on a monthly basis: on June 27 (22 days before the flood: Day -22), July 30 (Day 11), August 28 (Day 40), and September 22 (Day 65). A Surber sampler (30 × 30 cm 2 , 450 µm mesh) was used to collect both benthic and drift samples. In the case of benthic samples, all the materials and organisms attached on the substrates were scraped into the net. Drift samples were collected by means of directing the opening against the water flow for 3 minutes. Both types of the samples were replicated 3 times in order to provide quantitative data for statistical analysis. The residues in the net were carefully put into a polyethylene bag and fixed immediately with 10% formalin. Qualitative benthic samples were also collected for larval rearing so as to obtain adults for identification to species level.
Following the recommendations outlined by Kimura et al. (2008) , we decided to collect adult caddisflies on a daily basis from Day -22 to Day 65 by means of light trapping. A vending machine that had been equipped with three 32-W daylight fluorescent lamps was used for this purpose. The light trap was set on a causeway alongside the river, approximately 150 m from the water's edge (Fig. 1) .
All the caddisflies in the light trap samples were identified to species, following the taxonomic keys of Wiggins (1996) and Tanida et al. (2005) and a binocular dissecting microscope which was also used to count specimen numbers. In the case of immature that could be identified only to genus level, the species names of the adults of the same genus that were obtained through larval rearing was used in this study. In addition, each instar of Hydropsyche orientalis Martynov larvae was determined by estimating head width and morphological features, as described by Tanida (1980) . 
Environmental measurements and data analyses
We measured physicochemical conditions on each sampling occasion using portable meters. The parameters included dissolved oxygen concentration (DO-24P; DKK-TOA Corp., Tokyo Japan), electric conductivity, pH (WM-22EP; DKK-TOA Corp., Tokyo Japan) and water temperature. Current velocity at the study sites was also measured on each sampling occasion using portable meters (VE-10; Kenek Co. Ltd., Tokyo, Japan). Water depth was measured for the purpose of calculating densities of drifting individuals per unit discharge. Water level and volume data were obtained from the Ministry of Land, Infrastructure and Transport, Japan (2006) .
The number of caddisfly species on each sampling occasion was expressed as the total number collected in the 3 sampling replications. Shannon-Wiener's diversity index (H') was calculated using the total abundance of each caddisfly species collected on each sampling occasion.
Statistical tests were accomplished using SPSS version 11.5.1J for Windows (SPSS Japan Inc., Tokyo, Japan).
Results and discussion
Each physicochemical condition was similar before and after the flood at the site (Table 1) , respectively) and this had a major effect on caddisfly larvae. As a result, we had to terminate our benthic and drift investigation on Day 65. A total of 9 caddisfly species belonging to 5 families were collected at the study site (Table 2 ). Before the flood, H. orientalis was the most abundant species of benthic caddisfly, accounting for 71.1% of the mean density during the study, followed by Stenopsyche marmorata Navás (13.6%) and Cheumatopsyche infascia Martynov (5.9%). The 3 most abundant species after the flood were H. orientalis (56.6%), C. infascia (15.0%) and C. brevilineata (Iwata) (11.6%). Each of 7 species n mean ± SD n mean ± SD Water temperature (C°) 1 3 23. collected at the study site was collected both before and after the flood, whereas Glossosoma ussuricum (Martynov), and C. brevilineata were collected only after the flood. These species may have been introduced from tributaries. Unfortunately, the details are unclear because we did not collected trichopteran larvae from tributaries. The number of caddisfly species and diversity index (H') were relatively constant for each sampling occasion (Fig. 3) . After the flood, the number of species gradually increased from 6 to 9. Finally, on Day 65, the number exceeded that recorded before the flood. The diversity index (H') was, however, the highest (at 2.21) on Day 11 and then decreased gradually until Day 65. The total density of caddisflies at the site decreased dramatically from Day -22 (8,266.7 ± 2,392.1 individuals m -2 ) to Day 11 (55.6 ± 55.6 individuals m -2 ) and then increased gradually after the flood (Fig. 3) . Finally, on Day 65, total caddisfly density at the site was not significantly different (4,988.9 ± 1,291.1 individuals m -2 ) from that recorded before the flood (Mann-Whitney U test, p = 0.1). Comparison of density and community structure suggests a connection between diversity and equitability with the number of species in the river. Flood affects the caddisfly community and gives the less abundant species a chance to remain as a stable component. The mean benthic population density of H. orientalis at the site before the flood was 5,874.1 ± 2,014.8 individuals m -2 (Fig. 4) . Population density at the site on Day 11 was extremely low (14.8 ± 17.0 individuals m -2 ) and increased gradually. By Day 65, the density of H. orientalis at the site reached a population level (2,877.8 ± 1,022.2 individuals m -2 ) not significantly different from that recorded before the flood (Mann-Whitney U test, p = 0.2). Second and 3rd instars of H. orientalis larvae from benthic samples reached a high density on Day 65, in spite of the dominance (66.7%) of final instar larvae on Day 40. The mean density of H. orientalis larval drift fluctuated within low ranges (0.0-0.1 individuals m -3 ) on each sampling occasion (Fig 4c) . Population densities of drift at the sites decreased for some time after the flood and no drift (i.e., 0.0 individuals m Recovery of benthic macroinvertebrates after disturbance depends primarily on oviposition by adults or drift from upstream areas (Niemi et al. 1990 , Wallace 1990 , Mackay 1992 ). In our study, fluctuations in the densities of both benthic and drifting caddisflies followed similar trends throughout the study period. In addition, when the abundance of early instar H. orientalis larvae in the benthic samples was high, the densities of both benthic and drifting H. orientalis increased. Early instar hydropsychid larvae are more likely to drift than later instars (Shibata 1975 , Bergey & Ward 1989 . Early instar trichopteran larvae exhibit a neutral phototaxis (Fjellheim 1980 , Coutant 1982 . We also collected drifting early instar larvae in the daytime. However, we did not investigate larval drift in the night. By Day 65, the density of H. orientalis was a similar magnitude before the flood. In addition, early instar larvae from benthic samples reached a high density on Day 65. From 2nd instar and later, rhyacophilid larvae become increasingly night-active, with a culmination in the last instar, which was highly night active (Fjellheim 1980) . These facts suggest that drift levels of mature instars may be negligible for dispersal mechanism after summer flood. High drift levels of early instars may be a dispersal mechanism for individuals of newly-hatched cohorts (Elwood & Cushman 1975) . In the present study, H. orientalis adults were collected both before and after the flood. Lytle and Poff (2004) reported that, for some aquatic insects, life-history adaptations include the timing of reproduction, emergence into an aerial adult stage, and the ability to avoid mortality by escaping floods. These authors also suggested that life-history adaptations enable rapid recovery after floods. For the reasons mentioned above, high rate of dispersal of early-instar caddisfly larvae, which enables survivors to reach new sites, was probably the major source of colonization of benthic caddisflies after the summer flood. The present study suggest that the life-history of H. orientalis has adapted to survive through extensive flooding events.
Hydropsyche orientalis is a widely-distributed and very common species in Japan (Tanida 1986 , Tanida et al. 2005 . Further research on this species should be undertaken to improve understanding of succession in benthic communities following physical disturbance in streams and rivers. Increased knowledge of population dynamics and macroinvertebrate communities in lotic ecosystems would also assist in designing future aquatic habitat modification schemes.
